ABSTR^CT.--This paper is a survey of applications of electrophoretic techniques in ornithology, with an emphasis on post-1970 publications. The majority of electrophoretic studies of birds have been limited in a variety of ways. Many have dealt with "domesticated" species or have been limited to the examination of blood and/or egg-white proteins. Problems in comparing results from different studies have arisen because of: (1) dissimilar electrophoretic techniques; (2) varying numbers of taxa; (3) nonstandardized enzyme and locus nomenclature; and, especially, (4) different methods of data analysis. These methodological problems must be addressed in order to broaden the utility of electrophoretic data in avian systematics. I suggest that the enzyme names recognized by the International Union of Biochemistry be used exclusively and that a standardized locus nomenclature, comparable with that used in other vertebrate classes, be developed. The predominating use of allozyme characters can be supplemented by "isozyme characters" (e.g. different numbers of genes, heteropolymer assembly, and regulation of expression sensu Buth in press), which possibly could be applied to a determination of systematic relationships of higher-level taxonomic ranks. Allozyme and/or isozyme data should be retained in particulate form (i.e. not summarized as genetic distances). The use of outgroups to assign evolutionary direction is encouraged. Electrophoresis is a useful tool in examining a variety of genetic and developmental phenomena. In avian biology, it has been used to obtain quantitative estimates of genetic variation in natural populations, to study the patterns of gene activation, and to examine the genetic control of various proteins. Another important application of these data has been as a systematic tool. It was noted quite early that biochemical data would be useful in systematic studies (e.g. If past studies are examined, however, problems can be evaluated and mistakes rectified so that the full potential of this technique can be realized. In this paper, I will discuss problematic areas identified in past electrophoretic studies and make suggestions to insure that future investigators will be better able to apply this technique to problems of avian systematics. Barrowclough (1983) Year of Study cally, the method of choice. Although these methods represent improvements over those used in the past, there are further modifications that will increase the utility of these data in the study of evolutionary relationships. These suggested improvements will be discussed below.
Electrophoresis is a useful tool in examining a variety of genetic and developmental phenomena. In avian biology, it has been used to obtain quantitative estimates of genetic variation in natural populations, to study the patterns of gene activation, and to examine the genetic control of various proteins. Another important application of these data has been as a systematic tool. It was noted quite early that biochemical data would be useful in systematic studies (e. Electrophoretic data provide alternative suites of characters that can be used to discern systematic relationships among birds. Initially, it was thought that biochemical (molecular) characters were more conservative than other types of characters and therefore had greater utility. That is, it was thought that these characters would reflect the evolutionary history of the group under investigation, despite possible adaptive changes or convergences (Sibley 1965 If past studies are examined, however, problems can be evaluated and mistakes rectified so that the full potential of this technique can be realized. In this paper, I will discuss problematic areas identified in past electrophoretic studies and make suggestions to insure that future investigators will be better able to apply this technique to problems of avian systematics. Barrowclough (1983) (1938) , in which the egg albumin of six species was compared, was the first reported application of electrophoretic techniques to an avian study. During the next two decades, there were at least two dozen electrophoretic studies of various avian proteins, the majority of which were aimed at determining the electrophoretic constituents of blood or egg-white proteins. In the 1960% the number of electrophoretic studies increased dramatically (Fig. 1) The number of systematic studies increased with the advent of widespread allozyme electrophoresis in the latter part of the 1970's and into the 1980's. This corresponded with the shift away from using egg whites and/or blood as a tissue source and toward the incorporation of a variety of organs. Refinements in histochemical staining procedures made it possible to assay more enzymes, thereby increasing the number of possible characters in a study. Concurrently, a major change in the treatment of electrophoretic data occurred with the introduction of measures to quantify the genetic differences between populations. Nei (1972), Rogers (1972), and others developed mathematical formulae that summarize allelic frequencies 1983), the systematic relationships from electrophoretic data did not necessarily agree with those previously reported. In most of the above studies, it was found that both phenetic and cladistic types of data analysis yielded similar patterns of relationships in the taxa examined. Most authors seemed to agree that the cladistic method of data analysis was, at least theoretically, the method of choice. Although these methods represent improvements over those used in the past, there are further modifications that will increase the utility of these data in the study of evolutionary relationships. These suggested improvements will be discussed below.
OBSERVATIONS AND CONCLUSIONS
As evidenced by the foregoing discussion, electrophoresis has had a wide range of applications in ornithology. The use of this technique has been limited as a tool in systematics, however. It is generally accepted that electrophoretic data are useful at or below the generic level (e.g. Tissues.--The distinction between allozyme and isozyme characters has not been recognized in avian systematic analyses. Distinguishing between allozymes and isozymes has been complicated because of the paucity of tissues examined in past studies. In some studies conducted in the 1970's, egg white and blood (i.e. hemoglobin, plasma and serum) were used as a tissue source. Blood was a favorite tissue for electrophoretic work, because it was readily obtainable, and its collection did not necessitate sacrifice of the specimen. Other tissues were also examined. Brush (1976) and Knox (1980) had some limited success in obtaining taxonomically useful characters in feather proteins. Frenkel and Gillespie (1979) used beak proteins to determine taxonomic relationships and con- As Markert (1983: 16) noted: "All problems in biology involving genes and enzymes are candidates for the application of our technique and our understanding of isozymes. The research frontier is expanding, not shrinking, and isozymes are certain to make basic contributions to the solution of problems in many areas of biology simply because they are a fundamental and pervasive manifestation of the structure and function of organisms." Electrophoresis has played an important role in ornithology during the past 46 yr. If former inadequacies in data gathering and data analysis are addressed, electrophoresis may prove even more useful in the future. This can be assured by sampling a wider array of taxa and tissues and by using isozyme as well as allozyme data. Investigators should encode data by using the locus as the character, retain data in particulate form, and use shared derived characters to infer phylogeny. Only then will the full potential of this technique be realized in avian systematics. 
